Single crystals of a Re(VII) complex, the dihydrogenophosphato phenanthroline trioxo-rhenium monohydrate of formula [ReO 3 (phen)(H 2 PO 4 )]·H 2 O (phen = 1,10-phenanthroline), were prepared in aqueous solution. X-Ray analysis shows that it crystallizes in the monoclinic space group P2 1 /c with the unit cell parameters: a = 8.611(2), b = 13.881(2), c = 14.502(4)Å, β = 120.87(2) • , V = 1487.9(6)Å 3 and Z = 4. In the neutral complex, the rhenium is in the oxidation state +VII, coordinated by two nitrogen atoms of the bidentate phen, three terminal oxygen atoms and, for the first time, one oxygen atom of the mono-deprotonated phosphoric acid ligand H 2 PO − 4 , forming a squarebased bipyramidal coordination geometry. The thermal stability, IR, UV/Vis and fluorescence spectroscopic properties are given. The complex shows antimicrobial activity against five different microbes.
Introduction
The coordination chemistry of Re is actually currently explored intensively owing to use of this element in several fields, more particularly in radiopharmaceuticals for therapy. Rhenium radiopharmaceuticals constitute a class of therapeutic agents in which the bio-distribution is determined by the size, charge and lipophilicity of the complex. Among these compounds, the chemistry of oxo rhenium complexes is of particular interest owing to the favorable nuclear properties of the 186 Re and 188 Re nuclides, which make the radioisotopes useful for diagnostic nuclear medicine and applications in radioimmunotherapy [1 -3] and radiopharmaceuticals [4, 5] . Thus, the coordination chemistry of rhenium complexes is well developed, and a variety of complexes containing rhenium in the formal oxydation states +I, +III, +IV, +V, and +VII have been described and characterized [6] . XRay investigations have indicated that heptavalent rhenium, in addition to its role in the most important perrhenate ions, is capable of forming more complicated oxo complexes with coordination numbers six and five [7] . While the complexes including the trioxo group (ReO 3 ) are numerous [6, 8 -13] , the complexes with the principal structural unit [(phen) ReO 3 ] remain still relatively scarce. The best known representatives are those published elsewhere [6, 7] . In this paper, we report the synthesis of a novel trioxorhenium complex, [ReO 3 (phen)(H 2 PO 4 )]·H 2 O (1), involving for the first time the dihydrogenphosphate anion (H 2 PO
Results and Discussion
Complex 1 was synthesized by mixing phen and NH 4 ReO 4 in water-ethanol medium followed by the addition of NaBH 4 and phosphoric acid.
Crystal and molecular structure
The asymmetric unit of 1 contains one Re(VII) atom surrounded by one chelating phenanthroline, one monodentate H 2 PO − 4 ligand, three terminal oxide units, and one water molecule of crystallization (Fig. 1) . The neutral [ReO 3 (phen)(H 2 PO 4 )]·H 2 O units are linked by different intra-and intermolecular interactions to develop a 3D network (Fig. 2) . These interactions are mainly hydrogen bonds of the kind O-H···O ranging from 2.596(9) to 2.890(9)Å and C-H···O between the phenanthroline molecules and the oxygen atoms of the dihydrogenphosphate groups with distances D···A ranging from 3.019(9) to 3.416(8)Å (Table 1). The C-H···O hydrogen bond parameters lie in the typical range observed for these interactions [14] .
In the [ReO 3 (phen)(H 2 PO 4 )] entity, the rhenium atom has an distorted octahedral environment of formula ReN 2 O 4 . The geometrical characteristics of this octahedron show that it is a square-based bipyramid with a basal plane built up of two terminal oxygen atoms (O5 and O6) and two nitrogen atoms (N1 
and N2) of a phenanthroline molecule. The four inplane atoms N1, N2, O5, and O6 are coplanar (r. m. s. deviation = 0.0701Å). The tetragonality (defined by the mean in-plane bond length divided by the mean out-of-plane bond length) is 1.047 [15] . The Re atom lies 0.16Å above this plane towards O1. As shown in Table 2 , the distances Re-N1 (2.247(5)Å) and Re-N2 (2.249(5)Å) are significantly longer than Re-O5 (1.716(4)Å) and Re-O6 (1.720(4)Å) due to the fact that O5 and O6 are terminal oxygen atoms. The axial coordination sites are occupied by a terminal oxygen atom (O7) and an oxygen atom (O1) of a monodentate dihydrogenphosphate group at distances Re-O1 = 2.097(4)Å and Re-O7 = 1.709(5)Å. The ReN 2 O 4 polyhedron shares one of its vertices with a H 2 PO 4 tetrahedron. This dihydrogenphosphate group involves O-P-O angles ranging from 100.9(3) to 113.4(4) • . The P-OH bonds, 1.555(6) and 1.556(5)Å, are longer than the coordinated P-O bond (1.518(5)Å), which is longer than the unco- 
85.5 (2) ordinated one (1.482(5)Å). This behavior is consistent with the general observation in numerous phosphates [16] . The shortest intermolecular Re···Re separation is 6.062(2)Å. In the crystal structure, the packing of the molecules appears to be influenced by π···π stacking interactions between parts of the phenanthroline ring systems of neighboring molecules, with a mean inter-planar distance of 3.358Å. The distances between the centroids of the C4C5C6C7C11 and N2C10C9C8C7C11 rings and their symmetryequivalents at 2 − x, 1 − y, 1 − z are 3.558(3) and 3.5595(1)Å, respectively. The π···π interactions and the H-bonding lead to the formation of a cohesive three-dimensional network.
IR and UV/Vis properties
The IR spectrum of [ReO 3 (phen)(H 2 PO 4 )]·H 2 O (Fig. 3 ) exhibits characteristic bands of its different components. The terminal Re=O groups are characterized by stretching modes at 1002 and 983 cm −1 . The Re-O and Re-N groups linked to ligands have stretching modes between 870 and 725 cm −1 [17 -19] . These modes were identified for other Re(VII) complexes containing chelating ligands in their coordination sphere [20, 21] . The phen-based absorptions [22] . The range 2500 -3600 cm −1 contains several bands, which could be assigned to the stretching modes of the water molecule, the hydroxyl group of the phosphate ligand and the =C-H groups of phenanthroline [23] .
The electronic spectrum of 1 in DMSO solution recorded between 260 and 400 nm is shown in Fig. 4b . It shows two significant UV absorption bands with maxima at about 279 and 285 nm. These higher energy absorptions in the 260 -300 nm region should be assigned to the admixture of ligand-based π-π * charge transfer (ILCT/LLCT). These assignments are confirmed by the absorption spectra of free phen (Fig. 4a) and the results for related systems [24, 25] . The energy gap (Fig. 5) between the frontier orbitals [the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO)] was determined using the Tauc model [26] as 4.2 eV. This value is quite large and indicates that 1 is relatively stable in terms of energy and has a high chemical hardness.
Fluorescence properties
The solid-state fluorescence spectrum of 1 at room temperature is depicted in Fig. 6 . It exhibits an intense blue fluorescence with an emission maximum at ca. 424 nm and a weak peak at ca. 480 nm (Fig. 6c) upon excitation at ca. 320 nm. The free 1,10-phenanthroline ligand in the solid state at room temperature presents a similar spectrum built up from a broad band with an emission maximum at ca. 365 and a weak peak at ca. 400 nm (Fig. 6b ) upon excitation at ca. 290 nm. Therefore, the emission of 1 may be assigned to intraligand transitions (ILCT). By comparing the emission spectra of 1 and of the ligand we can conclude that the fluorescence enhancement in 1 may be due to both coordination and packing interactions. The fluorescence red-shift of the emission energy on going from the free ligand to the complex appears to be related to the phen-phen π···π stacking interactions, which results in a decrease in the HOMO-LUMO energy gap of the complex [27] .
Thermal properties
The simultaneous TG-DTA analyses of the title compound were carried out in air. The obtained curves (Fig. 7) show that this compound is thermally stable up to 120 • C and exhibits two main thermal decomposition processes over a wide temperature range (120 -600 • C). In a first step, [ReO 3 (phen)(H 2 PO 4 )]·H 2 O undergoes a dehydration (at ca. 158 • C), accompanied with an experimental weight loss of 4 %, very close to that calculated (3.4 %). Above 160 • C the obtained anhydrous phase undergoes, over a wide temperature range, several decomposition phenomena represented by a series of endothermic peaks on the DTA curve and by two successive weight losses. The sum of both weight losses (37 %) corresponds to the organic component (34 %), leaving an unidentified phosphate of rhenium contaminated with fine particles of black carbon. Similar thermal behavior has been observed for other rhenium complexes [28, 29] . 
Antibacterial activity
The study of the in vitro antibacterial activity of complex 1 in DMSO has shown that it has varying degrees of significant inhibition of the tested microorganisms (Fig. 8) . The DMSO solvent was completely inactive against the five used bacteria. To our knowledge, antimicrobial activity has been observed previously only in the case of rhenium(V) complexes [30 -32] which inhibit the multiplication process of the microbes by blocking their active sites [33, 34] . It was reported [35 -37] that the following five principal factors are relevant: (i) the chelate effect of the ligands, (ii) the nature of the N-donor ligands, (iii) the total charge of the complex, (iv) the nature of the counterion, and (v) the nuclearity of the metal center in the complex.
Conclusion
Interaction of perrhenates with phosphoric acid and phenanthroline in aqueous solution leads to the neutral complex 1. The rhenium atom is in oxidation state (VII) and has a square-based bipyramidal environment of formula ReN 2 O 4 . A 3D network characterizes the crystal structure where the components develop different intra-and intermolecular interactions (H-bonds, van der Waals contacts, π···π stacking). This complex, thermally stable up to 120 • C, exhibits intense blue fluorescence around 424 and 480 nm upon excitation at 320 nm. In addition, the in vitro antibacterial screening against five mico-organisms reveals that it exhibits a wide spectrum of antibacterial activity. Therefore, this complex could be a promising candidate for applications.
Experimental Section

Synthesis
Starting materials were purchased from commercial sources and used without further purification. To a solution of phenantroline (0.18 g, 1 mmol) in ethanol (25 mL), 25 mL of distilled water and 0.27 g (1 mmol) of NH 4 ReO 4 were added and the mixture stirred until dissolution. Addition of a pinch of NaBH 4 gave an effervescent brown solution with formation of a blackish precipitate. Then, commercial phosphoric acid was added dropwise with stirring until complete dissolution of the precipitate. The obtained solution was subjected to a slow evaporation of the solvent until the formation of brown crystals stable in air at room temperature and suitable for X-ray diffraction. 
X-Ray crystal structure determination
The powder diffraction pattern was obtained using a D8 Advance Bruker powder diffractometer with Cu K α (λ = 1.5418Å) radiation. A suitable single crystal of 1 for X-ray analysis was mounted on an Enraf-Nonius Mach3 diffractometer equipped with a graphite monochromator using Ag K α radiation (λ = 0.56087Å). Data were collected at 293 K. Crystallographic data and refinement results of complex 1 are given in Table 3 . Unit cell parameters were determined from least-squares refinement of 25 reflections. 7273 independent reflections were measured of which 5136 had I > 2σ (I) and were used for structure determination and refinement. The structure was solved by Direct Methods using the program SHELXS-97 [38, 39] in the WINGX 
package [40, 41] , and refined on F 2 by full-matrix leastsquares methods using the SHELXL-97 program [38, 39] . All non-hydrogen atoms were refined isotropically and then anisotropically. All hydrogen atoms were placed geometrically and treated as riding. The hydrogen bonding scheme and selected bond lengths and angles are given respectively in Tables 1 and 2 . The molecular graphics were drawn using ORTEP-3 [42] and DIAMOND [43] . CCDC 872796 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Thermal analysis
Thermal analysis was performed using a multimodule 92 Setaram analyzer operating from room temperature up to 500 • C at an average heating rate of 5 • C min −1 . Experiments were carried out in air with a finely ground sample of 12.3 mg.
Spectroscopic measurements
The IR spectrum was recorded in the range 4000 -400 cm −1 with a Perkin-Elmer Spectrum BXII spectrometer using a sample dispersed in a spectroscopically pure KBr pellet. The UV/Vis spectrum in DMSO was obtained using a Lamda 11 Perkin-Elmer spectrophotometer. Excitation and emission spectra were measured with a Perkin-Elmer LS55 Fluorimeter using solid samples at room temperature.
Antibacterial activity
The antibacterial experiments were performed following the modified methodology published in [44, 45] . Various pathogenic organisms were treated by a 2 × 10 −3 M solution (optimal concentration) of complex 1 in DMSO. Five bacterial strains, Pseudomonas putida DQ989291, Stenotrophomonas maltophilia DQ230920, Shigella boydii AY696681, Staphylococcus sp. DQ978267, and Bacillus sp. EF026993 were grown in Petri dishes. Mueller-Hinton agar plates were loaded with a 4 × 10 6 CFU mL −1 suspension of the strain. Small holes made in the agar were inoculated with 100 µL of sample solutions. After incubation for 24 h at 37 • C, the inhibition halo diameters were measured in mm.
